Abstract: The palatine rugae are specialized structures located on the fused hard palate; however, the number, arrangement and direction of the palatine rugae differ among species. Since crocodilians were evolutionally the first animals to show fusion of the palate, the authors focused on the structure of the crocodilian palate. The surface structure of the palate in Alligator mississippiensis at postnatal 60 days was examined by stereomicroscopy and scanning electron microscopy. In addition, histological observation was made by hematoxylin-eosin and Azan staining. Moreover, the urea silver nitrate method was used for nerve staining. On the palate of Alligator mississippiensis, many papilla-like, small conic-shaped projections of about 450-800 m in width and about 500 m in height were observed, although there were no palatine rugae. These projections were distributed over the whole palate, and there was no difference in density by region (anterior, middle, and posterior portion of the hard palate). These projections consisted of keratinized stratified squamous epithelium and connective tissue. In particular, many collagen fibers were observed in connective tissue. The bundles of nerve fibers ran from the connective tissue toward the oral epithelium. Collagen fibers were sparse in the area with the fascicle of nerve fibers under the epithelium of these projections. It is generally known that many nerve fibers and nerve endings are located in the connective tissue of the palatine rugae. Since there are many nerve fibers in the connective tissue of these projections, it is suggested that these projections may act as sensitive organs such as the palatine rugae.
Introduction
The palatine rugae, located on the fused hard palate, are arranged from the incisor region to the second premolar region asymmetrically in humans 1) . Moreover, since the distribution pattern of the palatine rugae differs depending on the race and the individual 2, 3) , the arrangement and running pattern of the palatine rugae are useful markers in the field of forensic medicine for identification 1, 4, 5) . In clinical dentistry, the palatine rugae are used as landmarks concerning the movement of teeth in orthodontic treatment, since the palatine rugae differ in each patients and are stable during patient growth 1, 5) . In other animals, the palatine rugae are arranged from the incisor region to third molar symmetrically in apes 6) , primates like humans, and this distribution pattern is the same as that in rats 7, 8) and mice 9,10) , most common experimental animals. On the other hand, goats have palatine rugae only from the incisor region to the premolar region, similar to the human pattern 11) . Since each animal has a specific distribution pattern of palatine rugae, it is important to know the structure of the palate of the first animal with a fused hard palate and the process of the change of the palatine rugae evolutionally.
Recently, immunohistochemistry has generally been used for the detection of nerve fiber and nerve endings, such like anti-S100 12,13) , anti-neurofilament 14, 15) and anti-protein gene product 9.5 12, 13, 16, 17) antibodies. Although immunohistochemistry using antibodies is a useful method for the detection of specific nerve protein, the antibody might not be able to be used by cross-reaction with laboratory animals. In particular, sales of antibodies to animals with little operation frequency are limited. On the other hand, silver staining has traditionally been used for nerve fibers, and many modified procedures have been developed. A urea silver nitrate method 18) is a silver staining method and has the advantage that any animal samples can be applied.
Since crocodilians were the first animals to have a fused hard palate, previous investigators used crocodilians for palatogenesis research [19] [20] [21] [22] [23] ; however, few reports have observed the structure of a crocodilian palate in detail 24) . In particular, the relationship between the structure of the palate and nerve fibers and/or nerve endings has not been clarified. Therefore, the surface structure of the palate in Alligator mississippiensis was elucidated using a stereomicroscope and scanning electron microscope (SEM). Moreover, since many animals, including humans, have a dense distribution of nerve fibers and nerve endings beneath the palatine rugae epithelium, the authors used urea silver nitrate staining in addition to hematoxylin-eosin (H-E) staining and Azan staining, and discuss the structure and function of the palate.
Materials and Methods

Animals
One 10% formalin-fixed, 60-day-old Alligator mississippiensis (sex: unknown) provided from Dr. Ruth M. Elsey, Rockfeller Wildlife Refuge, was used.
Stereomicroscopy and scanning electron microscopy
The maxilla was removed from the 10% formalin-fixed head and was observed by stereomicroscope (SZX12, Olympus, Tokyo, Japan). The specimen was then cut through the center sagittally and half of the right side of the specimen was used for SEM and the other half was used for histological examination. For SEM observation, specimens were dehydrated with graded ethanol. After critical point drying (HCP-2, Hitachi, Tokyo, Japan) and platinum coating (IB-5, Eiko Engineering, Tokyo, Japan), the surface of the palate was observed by SEM (Hitachi S-2700, Hitachi).
Histology
After decalcification with 10% ethylenediaminetetraacetic acid disodium (EDTA-2Na) solution for 8 weeks at 4 o C, specimens were dehydrated by a graded alcohol series and embedded in paraffin. Paraffin sections were cut at a thickness of 5 m and were mounted on an APS-coated slide glass (Matsunami Glass, Japan). Sections were stained with H-E and Azan staining. The procedure for urea silver nitrate staining was performed according to Ungewitter 18) . Briefly, after dewaxing with xylene, sections were immersed in urea silver nitrate solution (Table 1) for 60 min at 60 o C. They were then reduced for 30 min at room temperature in fixing solution (Table 2) . After checking for staining using a light microscope, they were dehydrated and cleared with graded ethanol and xylene, respectively.
Results
Surface structure of the hard palate of Alligator mississipiensis
Although palatine rugae, such as in other animals including mice, rats and humans, were not present, many papilla-like small conic-shaped projections were observed over the whole hard palate. There was no difference (anterior, middle and posterior parts of the hard palate) in the distribution of the small projections (Fig. 1A) . By SEM observation, the small projections had a conic type that turned to the top to the mouth and approximately 450-800 m in diameter. Moreover, the small projections had almost equal height regardless of width. Each small projection was delimited in a shallow depression (Fig. 1B) .
Histology
The height of the small projection was about 500 m regardless of size. The epithelium of the small projection consisted of keratinized stratified squamous epithelium. In the connective tissue of the small projection, the cells distributed sparsely. However, an area where cellular density was high existed in part of the connective tissue of projections (Fig. 1C) . Dense distribution of collagen fibers, shown in blue by Azan staining, was present in the connective tissue, however, an area where the collagen fibers distributed sparsely was observed just beneath the epithelium of the small projection (Fig. 1D) . By urea silver nitrate staining, nerve fibers, shown in black, ran from the base area of the projection into the connective tissue of the projection. In addition, one projection had only one nerve fiber bundle. Nerve fibers running into the shallow depression were not observed. Nerve fibers, running into the area where the cells distributed densely by H-E staining, and collagen fibers existed sparsely by Azan staining (Fig. 1E) . Although nerve fibers reached just beneath the epithelium of the projections, there were no nerve fibers in the epithelium (Fig. 1F) Table 2 .
Discussion
Takaki Yamazaki et al.: Histology of Crocodilian palate and we used a 60-day-old Alligator mississipiensis; therefore, it is necessary to compare crocodilians of a same age in the future.
It is generally known that many nerve fibers and nerve endings exist in the connective tissue of the palatine rugae in mammalians 6,7,11, 13, 25, 26) . In this study, it was clarified that Alligator mississippiensis had small projections over the whole hard palate, although they did not have the palatine rugae observed humans, and nerve fibers ran from the base of the projection to beneath the epithelium of each small projection by urea silver nitrate staining. It is interesting that there are many nerve fibers over the palate of crocodilians, as this was the first animal with a fused palate. Although the function of the palatine rugae is thought to be the tactile sensing of objects or food and to aid the tongue's placement for speech, it is significant that many nerve fibers exist to perceive the properties of food subjected to the palate even though there were no palatine rugae, and that tactile sensing may be a primitive function of the nerve fibers on the palate. The process of nerve innervation of the palatine rugae is not clear; however, Yamamoto et al, 26) observed palatine rugae development in mice and suggested that the transitory taste bud-like cell cluster may induce nerve fibers and nerve endings beneath the palatine rugae epithelium. Since it has not been understood yet, whether the taste bud-like cell cluster appears in the palate of crocodilians during palate development, further research is necessary.
The three-dimensional structure of the palatine rugae is divided into two types (Fig. 2) ; consecutive small projections of equal height type as in rats 27, 28) , and fused small projections type as in humans 1) , goats 11) and mice 26) . Because the first animal with a fused palate was the crocodilians, it can be thought that the crocodilian palate has the most primitive hard palate structure. The evolutional development for running pattern of the palatine rugae is still unknown. Therefore, studies of the hard palate in crocodilians may provide valuable information on the human palatine rugae.
western For palatine rugae evolution, it is speculated that small projections are distributed over the whole hard palate (A). Then, small projections of the same height gather together and create a line (B). Finally, some small projections fuse and make palatine rugae (C).
